A histiocytic proliferative disorder was identified in six closely related Bernese mountain dogs. Clinical signs included anorexia, weight loss, stertorous respiration, and conjunctivitis with marked chemosis. Multiple cutaneous nodules were distributed over the entire body but were especially prevalent in the scrotum, nasal apex, nasal planum, and eyelids. Lesions consisted of perivascular infiltrates of large histiocytes as well as minor populations of lymphocytes, neutrophils, and eosinophils. Histiocytes were further Characterized by enzyme histochemistry and electron microscopy. Necropsy examinations of four dogs revealed that the histiocytic infiltrates were widespread and involved skin, lung, liver, bone mamow, spleen, lymph nodes, kidneys, testes, orbital tissues, and others. However, skin and peripheral lymph nodes were more consistently involved. The disease course was punctuated by remissions and relapses not clearly influenced by conventional therapeutic measures. Preliminary results of an experimental therapeutic regimen involving administration of bovine thymic extracts in two dogs are presented. The relationship of the disorder to other human and canine histiocytic proliferative disorders is discussed.
The spectrum of histiocytic proliferative disorders in the dog is quite narrow when compared to the diverse and confused array of conditions associated with histiocytic proliferation in human medicine. Canine cutaneous histiocytoma is the best described and characterized histiocytosis in the dog.", 34 Isolated reports of two other histiocytic proliferative disorders, malignant hi~tiocytosis~'. 32 and a lymphomatoid granulomatosislike disorde?' have recently appeared. However, the classification of the proliferating cells in these last two disorders was inferred solely from light microscopic morphology.
This paper describes the salient clinical and pathological features of a newly recognized, distinctive, histiocytic proliferative disorder in the Bernese mountain dog breed. The name applied to the disorder, systemic histiocytosis, emphasizes the widespread distribution of the histiocytic infiltrates. However, in systemic histiocytosis the skin is fairly consistently and severely involved. These six dogs have had the same familial association. Systemic histiocytosis appears to be distinct from the other histiocytoses reported in the human and canine literature, although some features of histiocytosis x,3.18.23.25.28.37 malignant histiocytosis,4 5.28*38* 39 and lymphomatoid granulomatosis'6-'7.'9 are recognizable in systemic histiocytosis.
The Bernese mountain dog originated in Switzerland,
where it is officially known as the Berner Sennenhund, one of four Swiss Sennenhund breeds. All descended from Roman dogs which in turn descended from the Greek Molosser and Tibetan Mastiff-type dogs. The St. Bernard, the rottweiler, and the four Sennenhund breeds have a similar background and there is current controversy as to when the Berner Sennenhund existed as a separate breed. The breed is well-established in Europe and there are in excess of 300 new registrations each year with the American Kennel Club which recognizes the breed as the Bernese mountain dog (B. Packard, personal communication).
Materials and Methods
Tissues were collected by biopsy or at necropsy in five dogs. The parafin-embedded block resulted from surgical biopsy of dog 3. Tissues were fixed in neutral buffered 10% formalin solution, processed routinely, and embedded in paraffin. Sections were routinely stained with hematoxylin and eosin (HE). Selected sections from each case were stained with acid-fast, Giemsa, periodic acid-Schiff, Brown and Brenn, Gomori's methenamine silver, and Gordon and Sweet's method for reticulin. Selected formalin-fixed tissue was also dehydrated in ethanol and infiltrated and embedded in glycol methacrylate. One to 2 pm sections were cut with glass knives and stained with 0.05% toluidine blue in 1% sodium borate. Surgically removed skin lesions from dogs 2, 5, and 6 were fmed by immersion in Karnovsky's fixative for transmission 554 electron microscopy. Formalin-fixed and Karnovsky's-fixed tissues were dehydrated with acetone and infiltrated and embedded in Bojax epon-araldite mixture (Polysciences, Inc., Wamngton, PA). Blocks were sectioned with diamond knives. Sections were routinely stained with lead citrate and uranyl acetate and examined and photographed in a transmission electron microscope.
Portions of the surgically removed skin lesions in dogs 5 and 6 were snap-frozen in monochlorodifluoromethane (Kaiser Chemicals, Oakland, CA) cooled with liquid nitrogen. Techniques to demonstrate nonspecific esterase (a-napthyl acetate, substrate) and acid phosphatase (Napthol AS-B 1 phosphate, substrate) were applied to 10 pm frozen sections of skin lesions.'
Results
Clinical signs: The salient clinical features of the six dogs with systemic histiocytosis are presented in table I. Several clinical episodes of disease were encountered in all dogs except dog 2, which was killed painlessly after initial presentation. Dogs were asymptomatic between episodes. Later episodes were generally associated with increased seventy of clinical signs and poor response to a variety of therapeutic regimens which included antibiotics, corticosteroids,, and cytotoxic drugs. The clinical course was prolonged in dogs allowed to live with the disorder. Consistent clinico-pathological abnormalities were not a feature of the disorder, although three dogs were mildly to moderately anemic and two dogs had a mild to moderate monocytosis and lymphocytopenia. Experimental immunoregulatory therapy with bovine thymosin fraction 5 (generously supplied by Dr. Allan Goldstein, George Washington University, Washington, D.C.) was attempted in dogs 5 and 6. The results, although preliminary, were encouraging-particularly in dog 5 in which advanced histiocytosis lesions completely regressed during a sixweek course of thymosin (figs. 1,2). A relapse occurred after a three-month remission without maintenance therapy and the dog was killed at the owners' request.
Genealogy: The pedigree chart illustrating the major relationships of the six dogs is presented in fig. 3 . Dogs 111-2, 111-3, and 111-4 were Swiss imports which were interrelated through individual 1-2, which remained in Switzerland. All cases of systemic histiocytosis were related through dog 1-2. Consanguineous matings were responsible for five of the six cases with the exception of dog IV-10. Data are incomplete in that the disposition of all members of litters which contained affected dogs is unknown. Also, the disposition of deceased ancestral dogs in the first three generations is unknown. Precise analysis is not possible because of these gaps in the data.
Pathology: Necropsies were done on dogs 1 , 2,4, and 6. The findings of the physical examination and surgical biopsy of cutaneous lesions were available for dogs 3 and 5..
Gross findings:
The most consistent and striking lesions were present in the skin. They consisted of poorly circumscribed, firm, nodular masses up to 4 cm in diameter. The overlying epidermis was either smooth and partially alopecic or ulcerated and crusted. The lesions occupied the dermis and extended deep into the subcutis. They were particularly prevalent in the scrotum which was often diffusely thickened and firm due to coalescence of multiple lesions. Cutaneous lesions were also observed with high frequency in the nasal apex, nasal planum, eyelids, and face. The skin of the neck, limbs and trunk was usually less frequently involved. Extension of lesions in the nasal apex to involve the nasal mucosa was observed in dogs 2 and 5 and produced marked nasal mucosal swelling which was accompanied by respiratory stertor and nasal discharge clinically. Involvement of the eyelids in dogs 2, 3, and 5 usually coincided with marked conjunctival hyperemia and chemosis as well as corneal edema. Mild peripheral lymphadenopathy accompanied the cutaneous lesions. The nodes were mildly enlarged and firm.
The cortico-medullary distinction was ill-defined and the cut surface presented a uniform tan appearance. The capsule and adjacent perinodal connective tissue was thickened and firm and was largely responsible for the apparent increase in size of the lymph nodes. Generalized massive lymphadenopathy with effacement of nodal architecture by soft cream-white tissue was observed in dog 6 which died as a result of concurrent 1 ymphosarcoma.
Lesions in other tissues consisted of ill-defined, white foci which were 1 to 20mm diameter. They occurred in spleen, lung, kidney, testes, skeletal muscles of the head, liver, and pancreas in decreasing order of frequency. Diffuse splenomegaly and hepatomegaly were observed additionally in dog 4 which presented clinically with a responsive anemia.
Microscopic findings: Distinctive histiocytic infil-
trates formed the basis of the lesions in all tissues. Histiocytes were often accompanied by lymphocytes and occasionally by neutrophils or eosinophils although histiocytes were always the most prevalent cell type. In most tissues the histiocytic infiltrate was strikingly angiocentric; histiocytes frequently invaded the walls of small veins and small muscular arteries and radiated into the perivascular tissues ( fig. 4 ). Thrombosis of infiltrated vessels and focal areas of associated coagulative necrosis were occasionally evident in these lesions. Histiocytes varied from about 10 pm to 20 pm diameter and usually had abundant eosinophilic cytoplasm. Nuclei were ovoid, indented or folded and the majority had inconspicuous nucleoli. Chromatin was either finely dispersed or condensed around the nuclear membrane ( fig. 4 ). Multinucleated giant histiocytes were only rarely observed and the mitotic index was usually low. Table I lists the full range of tissues in which histiocytic infiltrates were observed in each case. The histologic pattern of infiltration of the skin and lymphoreticular organs, particularly the peripheral lymph nodes, was usually quite characteristic and will be described. Histiocytic infiltrates in other tissues were generally not sufficiently distinctive to warrant separate description. The brain was examined in all dogs which were necropsied and in no instance was histiocytic infiltration found.
The histiocytic infiltrates in the skin were centered on vessels in the papillary, reticular and periadnexal dermis, and the panniculus. The infiltrates were usually most intense in the panniculus and least intense in the papillary dermis ( fig. 5 ). Linear, ribbon-like, histiocytic infiltration at the epidermal-dermal junction was encountered, although less frequently. Chronic lesions were associated with fibrosis of the dermis and the panniculus. Histiocytic infiltration of the scrota1 skin was usually more diffuse and severe ( fig. 5 ) and extended beyond the panniculus to involve the common vaginal tunic. Similarly, severe infiltration of the nasal apex extended into the nasal mucosa and submucosa in dog 2 and is reasonably expected to have occurred in dog 5. Involvement of the skin of the eyelids coincided with perivascular histiocytic infiltrates in the palpebral and bulbar conjunctivae, sclera, extraocular muscles and retro-orbital fat in dog 2. These lesions were responsible for the marked conjunctival hyperemia and chemosis and corneal edema observed in this case and probably account for similar gross lesions in dogs 3 and 5 which were unavailable for necrospy. The pattern of histiocytic infiltration of the peripheral lymph nodes and perinodal tissues created a striking appearance. Intense perivascular histiocytic infiltrates, often accompanied by fibroblast proliferation, were consistently observed in the perinodal tissue as well as in the lymph node capsule and trabeculae ( fig. 6) . The reticular parenchyma of the nodes was insidiously infiltrated at the expense of the resident lymphoid populations of the cortical follicles, paracortex, and medullary cords (fig. 7) . The perivascular orientation of the histiocytic infiltrates was well-preserved in these sites in early lesions ( fig. 7 ). Moderate to marked lymphoid depletion was usually observed throughout the nodes (figs. 6, 7 ) . Histiocytic infiltration of the subcapsular sinus and the intermediate sinuses of the cortex and medulla was usually modest and these sinuses were generally patent ( figs. 6,7) . Fibroblast proliferation and collagen deposition were only infrequently associated with the histiocytic infiltrates in the reticular parenchyma of lymph nodes ( fig. 6) .
Histiocytic infiltration in the spleen was observed in both the red and white pulp. Histiocytic foci occurred in the periarterial lymphoid sheath, lymphoid follicles, marginal zone, and sheathed arterioles. Extensive replacement of resident lymphoid populations of these white pulp compartments was especially noticeable in dog 4 ( fig. 8 ). Histiocytic aggregates were randomly distributed in the red pulp cords and were particularly prominent in dog 4 in which splenomegaly had been observed grossly. Focal necrosis of the larger histiocytic aggregates was frequently encountered in this dog. Extra-medullary hemopoiesis was also observed in the red pulp cords and was especially prolific in dog 4 in which histiocytes exhibiting erythrophagocytosis were also observed.
Bone marrow infiltration was limited to sparse, random multifocal histiocytic aggregates which blended almost imperceptibly with the surrounding hemopoietic tissue.
Thymus was available only from dog 6. Portions of the thymus were extensively infiltrated by pleomorphic lymphocytes which had also infiltrated spleen and peripheral, thoracic and abdominal lymph nodes. Hence the additional diagnosis of lymphosarcoma was confirmed in this dog. Thymic lobules not involved by lymphosarcoma had a normal pattern of cortical involution. The medulla of the majority of thymic lobules contained cystic epithelial structures and lacked Hassall's corpuscles. Sparse histiocytic foci were also observed in the medulla of several thymic lobules.
Special studies:
Selected sections from each case were studied with a variety of special stains including acidfast, Giemsa, periodic acid-Schiff, Brown and Brenn, and Gomori's methenamine silver. No microorganisms were detected in any of the lesions by these procedures.
The histiocytic lineage of the infiltrating cells was further investigated by enzyme histochemistry and electron microscopy. Frozen sections of skin lesions were reacted for acid phosphatase and nonspecific esterase, which are accepted markers of histiocytic lineage.5* 39 Histiocytes in the lesions exhibited abundant cytoplasmic acid phosphatase and nonspecific esterase activity Electron microscopy revealed a range of histiocytic cell types. The nuclear profiles of these cells were often quite convoluted. The nuclear chromatin varied from euchromatic to moderately heterochromatic. Nucleoli were not a consistent feature. The plasmalemma of many histiocytes exhibited complex filopodia ( fig. 10 ). Some histiocytes had abundant profiles of granular endoplasmic reticulum and relatively few lysosomal granules; while others had abundant lysosomal granules and scant granular endoplasmic reticulum ( fig. 11 ). Intermediate stages between these two extremes were readily identifiable. It was concluded that these cells ( fig. 9 ). spanned a continuum of histiocytic differentiation and were probably of the same lineage. No Birbeck's granules, ultrastructural markers of Langerhans cell differentiation, were observed in any of these cells.
Discussion
Systemic histiocytosis is a familial histiocytic proliferative disorder which appears to be unique to the Bernese mountain dog breed. The clinical course is often punctuated by remissions and relapses and can be quite prolonged; it is not consistently altered by conventional therapeutic intervention-especially in the advanced stages. The most distinctive pathological features of systemic histiocytosis were the marked predilection for involvement of the skin and peripheral lymph nodes and the angiocentric and vaso-invasive properties of the histiocytic infiltrates.
The classification of the predominant cell in the infiltrates as a member of the mononuclear phagocyte system was based on the light and electron microscopic appearance, particularly the convoluted nuclear morphology, the presence of numerous lysosomes and abundant cytoplasm with complex plasmalemmal filopodia, and the absence ofjunctional complexes between cells.'. The enzyme histochemical demonstration of abundant cytoplasmic acid phosphatase and nonspecific esterase activity also supports this ~ontention.~. 39 Further characterization of these cells utilizing other markers of histiocytic differentiation-in particular, the detection of lysozyme, a-1 anti-trypsin or S-100 pro-tein5. 22.39 and the demonstration of C3b and immu- noglobulin Fc receptors, in vitro glass adherence and phagocytic ability5-have not been attempted. They would constitute desirable additional studies aimed at more complete characterization of these cells, including their sub-lineage within the mononuclear phagocyte system.
The etiology of systemic histiocytosis is uncertain. The pedigree data demonstrate a familial association and suggest the possible involvement of genetic mechanisms in the etiology and pathogenesis of the disorder. Most cases have occurred in males, however, the possibility of X-linked recessive inheritance is remote since transmission through paternal lines is evident in the pedigree. Consanguineous matings produced five of the six cases and hence an autosomal recessive mode of inheritance is a definite possibility. The incomplete pedigree data preclude further genetic analysis, and the implication of a genetic mechanism in the etiology of systemic histiocytosis is unproven. Familial histiocytic proliferative disorders have been described in man?6 Few of these disorders were associated with multiple cases in more than one sibship, or indeed with parental consanguinity, and hence a genetic basis for these disorders is not compelling.26 Several other familial histiocytic disorders which appeared to have a genetic basis had an underlying associated immunodeficiency syndrome.'. 24* '' In these patients the histiocytosis was suspected to represent a response to infection in an immunocompromised host and in one instance infection with Epstein-Barr virus produced an exuberant lympho-histiocytic rea~tion.'~ The majority of the familial histiocytic proliferative disorders, including those associated with immunodeficiency, manifest prominent histiocytic erythrophagocytosis. This has also been described in the "virus-associated hemophagocytic syndrome" in which histiocytic proliferation occurred as a result of herpes group viral infections in immunosuppressed patients2' The clinical and pathological features of systemic histiocytosis clearly distinguish it from these other conditions in which the etiological associations are more clearly defined. However, it should be emphasized that attempts to demonstrate an infectious etiology for systemic histiocytosis have been limited to routine bacterial, fungal and viral cultures and the use of special staining techniques to demonstrate microorganisms in tissue sections. These methods have consistently yielded negative results. Transmission of systemic histiocytosis to normal dogs with homogenates of tissue lesions has not been attempted.
The clinical features of systemic histiocytosis, particularly the lengthy course, multiple episodes and lesionfree remission periods observed in several dogs, coupled with the lack of cytological atypia of the infiltrating histiocytes are not characteristics of neoplasia, but these features alone certainly do not establish this point. Further studies directly addressing this issue are necessary. Fundamental properties of neoplastic cells include the presence of aneuploidy, monoclonal derivation, and heterotran~plantability.'~, l5 The establishment of a canine histiocytosis cell line from a future case would allow appropriate cytogenetic and transplantation studies aimed at evaluating these fundamental properties to be done.I4
The current classification of proliferative disorders of the monocyte-macrophage (histiocytic) series is confusing and often encumbered by complex and scarcely informative nomenclature. The histiocytic disorders have been categorized largely on the basis of descriptions of overlapping clinical syndromes and the histology of fixed tissues; an attempt has been made to classify some of these disorders in light of more recent knowledge of the differentiation and functional specialization of the macrophage.' A partial listing of these diseases with selected references to the human and canine literature is shown in table 11. The majority of these conditions, apart from those already discussed, are idiopathic. Systemic histiocytosis does not clearly align with any of these diseases, although it does share certain features with several of these disorders-in particular, malignant histiocytosis, histiocytosis X, and lymphomatoid granulomatosis. The other histiocytic disorders listed in table I1 are readily separable from systemic histiocytosis based on the clinical and pathological features of the syndromes.
Malignant histiocytosis is a systemic neoplastic proliferation of morphologically atypical histiocytes. The disease follows a rapidly fatal clinical course and is in this regard distinct from systemic histiocytosis. Lymph nodes, spleen and liver are frequently infiltrated? 5*38 Early involvement of other organs, especially skin:' . 39 I~t n g ,~.~~ and intestine" has been reported. The cuta- neous lesions of malignant histiocytosis typically occur in the panniculus and reticular dermis with a relative sparing of the papillary dermis. Periappendigeal and perivascular, vaso-invasive histiocytic infiltrates are typically observed.39 This pattern of cutaneous disease is strikingly similar to that observed in systemic histiocytosis. Cytological atypia, however, which is the hallmark of the histiocytes in malignant hi~tiocytosis~. 38 is noticeably lacking in systemic histiocytosis. Also, the perivascular pattern of histiocytic infiltration is also well preserved in the lymph nodes and spleen in systemic histiocytosis and this has not been emphasized in malignant histiocytosis.
Histiocytosis X represents a grouping of rare syndromes (table 11) with overlapping clinical and pathologic features which were consolidated into a single entity in order to recognize their similarities rather than to emphasize their differences." This concept is not universally a~cepted.~, ' * 37 The discovery that histiocytes in the vast majority of histiocytosis X cases contained Birbeck's granules and also shared other markers in provided further impetus for its acceptance. Current opinion favors the concept of histiocytosis X and views it as a systemic histiocytic proliferative disorder of Langerhans cell lineage.I2* 23*40 The clinical features of histiocytosis X, particularly the capacity for spontaneous regression23. 25. 37; and the pathologic features, especially the lack of cytologic a t y~i a ?~ do not support a neoplastic basis for the disorder. Thymic morphological abnormalities" and thymosin-responsive immunological abn~rmalities~~ have recently been described in histiocytosis X and raise the possibility that it may represent a primary immunoregulatory disorder accompanied by systemic proliferation of Langerhans cells. The clinical features of systemic histiocytosis resemble those of histiocytosis X in regard to the protracted course associated with remissions and relapses. Also success with thymosin therapy, although preliminary, has been achieved in systemic histiocytosis. Moreover the histiocytes in systemic histiocytosis and histiocytosis X have a similar appearance at the light and electron microscopic level: 40 except that Birbeck's granules have not been found in the histiocytes of systemic histiocytosis. Normal canine epidermal dendritic cells, otherwise similar to Langerhans cells, do not contain these granules (P.F. Moore, unpublished observations). Hence, the relationship of the histiocytes in systemic histiocytosis to Langerhans cells is presently unknown; further enzyme histochemical and immunocytochemical studies are in progress to establish this point. There common with epidermal Langerhans cells'2. 22* 23 ha S are some differences between systemic histocytosis and histocytosis X that should be emphasized. Histiocytic infiltrates in histiocytosis X often form a band-like infiltrate in the adventitial and upper reticular dermis. Invasion of the epidermis and adnexa occurs frequently. The infiltrates may extend beyond the dermis to the panniculus, but this is less frequent.21 Perivascular histiocytic infiltrates in the reticular and periadnexal dermis and panniculus are especially prevalent in systemic histocytosis. A band-like infiltration of the papillary dermis with epidermal invasion is observed less frequently. Also, even though perivascular histiocytic infiltration is described in histiocytosis X, histiocytic invasion of vessel walls is not emphasized and this is often a prominent feature in systemic histiocytosis. The pattern of lymph node involvement in histiocytosis X is usually sinusoidal and less obviously paren~hymal.~' This is clearly the inverse of the situation in systemic histiocytosis. Finally, familial occurrence of histiocytosis X is distinctly un~ommon.~. 23 * 37 Lymphomatoid granulomatosis is a unique form of pulmonary angiitis and granulomatous infiltration. Extra-pulmonary sites commonly involved include skin, nervous system and kidney. The clinical course is progressive and most patients die due to extensive destruction of the pulmonary parenchyma. About 12% of patients eventually develop atypical malignant lymphoma. It is unclear whether lymphomatoid granulomatosis represents a neoplastic process from its out-Set.16.17. 19 A 1 ymphomatoid granulomatosis-like condition has been described in the dog, but skin lesions did not accompany the pulmonary lesions.20 The characteristic lesion of lymphomatoid granulomatosis consists of an angiocentric and angiodestructive polymorphous infiltrate composed of lymphocytes, plasma cells, histiocytes, and atypical lymphoreticular cells-some with plasmacytoid features. The pattern of skin involvement resembles that in systemic histiocytosis. Although differentiating features include the extremely polymorphous infiltrate in lymphomatoid granulomatosis coupled with the consistent extensive pulmonary involvement and the consistent lack of lymph node, spleen and bone marrow involvement.'6* l9 These features are clearly distinct from those of systemic histiocytosis. Systemic histiocytosis is a familial systemic histiocytic proliferative disorder of the Bernese mountain dog which is clearly distinct from previously described histiocytic disorders in man and dog. The etiology of the condition is unknown. Evidence for an infectious etiology is currently lacking. Preliminary results of thymic extract therapy support the hypothesis that systemic histiocytosis may represent an immunoregulatory disorder with an associated histiocytosis, although appropriate studies to more directly exclude the possibility of neoplasia remain to be done.
